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řººƿƶººƘƫŚƐƯƲƽººŝźŬţƾƴŝƕƺººƳŻřººǀŵŚƽŚƯŻōŹŵººƿƵŚĮƄ
ĥƺƫƺĩŚƯŹŚƟƽƵŶĪƄƳřŵƽĪƃżěƾƳřŵĪƃżěƭƺƬƗƵŚĮƄƾŝŵŹřǀƪ
ƏƾšŶƯÓ ŶƃƭŚŬƳřƵŚƯ 
ƫƺƬſŢƄĩƾƵŵŹŚƷƽƫƺƬſƾAGSƹKYSE-ÐÍŢĩźƃŻř
ŤƀƳřǀŤřŹƺŤſŚěƺƿźųƱřźƿŹřŶƽºŰƯŹŵƹŶƃǀƎRPMI-ÎÓÑÍ
ƹŚůƽÎÍŶƇŹŵƴūƭźſǀƹŚĭƲƽ Fetal Bovine Serumƹ
ÎŶƇŹŵŤƳōƩƺƬŰƯƾŝǀţƺǀƴěĨƾſǀƬǀƲŚƯƺŤěźŤſřƿƀǀŢƄºĩƲ
ŹƺţŚŝƺĪƳřŹŵƹŶƃƵŵřŵŢŰţŚƯŵƽÐÔƶūŹŵƽƾŤƳŚſŵřźºĭƹ
ÒŶƇŹŵCOÏ ŹřŶƸĮƳƽŶƃ 
ŚººƷƹŹřŵžǀººſƲǀººţǈěSigma-GermanyŻƹŵŚººŝƦººƿ
ƬǀƯƾƬǀƯźŝƭźĭƾƶŝźŤǀƫƵŵŚºƯōƩƺƬŰƯšŹƺƇƽƪºųřŵƢºƿŹżţ
ŶºƿŹƹƽŶºƃƶºǀƸţÒƪǀºſřŹƹřƹŹƺƬƟSigma-Germany
ºƬǀƯƦºƿƾºƬǀƯźºŝƭźºĭƾƶºŝźºŤǀƫŹŵŹŵƺºěšŹƺºƇƩƺºƬŰƯ
Phosphate Buffer Saline (PBS)ŶºƃƪºůƺƴǀţŹŗƦºǀ
žƳřźţƭŚưţŶǀſřSigma-GermanyŵƩƺºƬŰƯŹŵƽƪºǀŤƯ
ŶƿŚƀƧřƺƠƫƺſŢºƔƬƛƹŶƃƪůŚºƷƽŻřƪºŞƣŚºţƱōƞºƬŤŴƯ
ŹřŵƱĥƹźºǀŤƳƩŚºĤŴƿŹŵƵŵŚƠŤºſřÕÍƶºūŹŵƾŤƳŚºſƽŵřźºĭ
ŹřŶƸĮƳƽŶºƃŢºƔƬƛŚºƷƽÎÏÒÍÏÒÍÒÍÎÏÑÕƹ
ÎÓřźŝƽŶƃƵŵŚƠŤſřƹŹřŵƶſźƷ
ƘţǀǀŻŢƔƬƛƲƿưſźǀţŹŢǀƺƴŗºǀºſřĨǀŶƶºŝŹƺºƔƴƯƘţǀºǀƲ
ƬƛŢƔŚƷƽŻƿưſźǀţŹŢǀƺƴŗǀºſřĨǀŶƵŵŹƹŵźºƷƽƫƺƬºſƾ
ŢºŰţŻƹŹƂºƃšŶºƯƶºŝţǀŢºƔƬƛŚºŝŹŚºưŚºƷƽƞºƬŤŴƯ
ţŹǀƺƴŗºǀºſřĨǀŶŶºƴŤƟźĭŹřźºƣŚºţºŤƔƬƛƾŹŚºƸƯŜºūƺƯƶºĩ 
ÒÍƫŚƘƟŶƇŹŵǀƫƺŝŚºŤƯŢǀĪƾºƯƾŵƺºƃICÒÍƘţǀºǀŵŵźºĭƲ 
ÑŻřƪŞƣŢƗŚſƵŹƹŵƭŚưţřƽţǀŹŚºưƹŹƎǀºŰƯºƿƾƩƺƬºſřŹ
ƱřŹŚƨưƷƹİſŚŞƗĽřŶſř 
ƶƬŬƯŹŵƾŤƃřŶƸŝšŚƯŶųƹƾĪƃżěƭƺƬƗƵŚĮƄƳřŵƾƄƷƹĦěƾưƬƗƽƹŵƱŚºŬƳŻƾƳŚƯƵŹƽÏÐƵŹŚưƃƽÖÔƹŵřŵźųźǀţÎÐÖÑ
˻˼ 
ƹũŹŚųÎÕÍƳǇƵŻŚţƎǀŰƯřŶƽŹŚƗƽƵřźºưƷƶºŝƭźºſŻřÏÍ
ĬºƳŹřŶºƳǇÐ-[Ñ, Ò Dimethylthiazol-Ï-yl]-Ï, Ò-Diphenyltetrazolium 
Bromide MTTÒÏƯǀƬƾƯźŝƭźĭǀƬƾƫǀźŤ ƦƷŚģŚƷƶƟŚºƋřŶºƃ
ƹũŹŚºųřŹƱōƎǀŰƯžĜſƹƶŝƺƨƳřƵŹŚŝƹŵŢǀƬěÏÍÍřŶºƳǇ
ŵƽƶƟŚºƋřƦºƷŚģźºƷƶºŝšŚƠƫƺſƪǀŤƯŵźĭºƿŶŹŵŚƸƳºƿŢ
ũƺºƯƩƺºƏŹŵƱōśŸºūÒÔÍƹźººƨǀƯƵŚĮŤºſŵŚº ŝźŤƯƺƳŚº Ƴ
ŢǀƬěřźƣŹŶƿŹƿŢŶƃŢƔƬƛŚƷƽŻƿźưſǀŢţŹǀƺƴƿǀºſřĨǀŶ
řźŝƽƵŵŹŚƷƽƫƺƬºſƾAGSƹKYSE-ÐÍƶºŝţźţºǀŜÓÐƹ
ÓÎÐƯǀƘţƩƺƯƹźĪǀǀŵźĭƲƿŶ
ţǀĩźţŹŚưǀŞƾƵŵŹŚƷƽƫƺƬſƾAGSƹKYSE-ÐÍšŶºƯƶºŝ
ƔƬƛŹƺƌůƭŶƗƹŹƺƌůŹŵŻƹŹƂƃŢŚºƷƽŻºƿưºſźǀŢ
ţŹǀƺƴŗǀſřĨǀŶƳŶƃƵŵřŵŢƄĩŶƩƺƬſŚºŝŚºƷPBSºƿŹŚºŝĨ
źţŚŝƹƺƄŤƀƃƿƀĜǀƲEDTAƹřŶºūĨſǈƟƞĩŻřƎºſƺţ
ƳƭǇŘŹŚŝƺŶƃƁŹŚưƃŵřŶƘţÎÍƮºŬůŹŵƩƺƬºſŵŶºƗŹřżƷ
ÎÍÍřŶƳǇƬěŻřĨƷŚģźƷŹŵǀŢÖÓƵŵřŵŵŶºŬƯŢƄºĩƶºƳŚų
ŶƃŻřŶƘŝÏÑƩƺƬſŢƗŚſƬěƞĩƶŝŚƷǀŞƀģŢǀŶƳŶºŰƯǀƎ
ƩƺƬºſŢƄĩŚºŝŚºƷÏÍÍƯǀºƬƾƫǀŢºƔƬƛŻřźºŤŚºƷƽƞºƬŤŴƯ
ſǀžţǈěǀƹƲÒſřŹƹřƹŹƺƬƟǀŚºūƪƿżĮƿšŶºƯƶºŝƹƵŶºƃƲ 
ÔÏŵŢƗŚſƿſŚŝƺĪƳřźĮǀƶƯřŵřƱƺƿŢƟŚŚƸƳŹŵºƿŢƱōśŸºū
ũƺƯƩƺƏŹŵÒÔÍźŤƯƺƳŚƳƎſƺţŹŶºƿŹŢºǀƬěƹźºƨǀƯƵŚĮŤſŵ
řźƣŗŢŶƃÖ
ſŹźŝƾƫƺƬſīźƯƾŢƸūºſŹźŝƾƜţºǀǀĥƺºƫƺƟŹƺƯšřźƿĪƾ
ŻƺŤěƺěōƩƺƬºſŚºƷƯōĬºƳŹƁƹŹŻřºǀżƽŪºƳŹƹřƲƿŶºƿźƧō
ŶºƿŚƯƹźŝƭƺƿŶǀţřAcridine Orange/Ethidium Bromide 
ŶƃƵŵŚƠŤſřŵřŶƘţÎÏƶºƳŚųƂºƃŢǀƬěźƷŹŵƩƺƬſŹřżƷřƽ
ƄĩŶƃƵŵřŵŢƶºƯŚƳźŝƢºŞƏžĜºſƹƶºŝŻƹŹƂºƃšŶºƯŚºŝ
ţŹǀƺƴŗºǀºſřĨǀŶƶºŝƹšŶºƯÔÏŚºŝŢƗŚºſºſǀºţǈěžǀƹƲ 
ÒſřŹƹřƹŹƺƬƟǀƪţǀŵźĭŹŚưƿŶƳŶƵŹƹŵƭŚºưţřŻřžºěƽţǀŹŚºư
ÒÍƬǀƯƾƩƺƬŰƯźŤǀƫÎÍÍŪºƳŹƹřƲƿŶƿźƧōƭźĭƹźƨǀƯƭƺƿŶºǀţř
ŶºƃƶƟŚºƋřĨºƷŚģźºƷƶº ŝŶºƿŚƯƹźŝŵŪƴºěŚº ŝŶºƘŝƶºƤǀƣ
ęƺƨſƹźƨǀƯŹƺŗƺƬƟŢƴſOlympusźƿƹŚƈºţƽŶºƃƶºǀƸţ
ƱōŹŵƶĩÐƨƿĥƺƫƺƟŹƺƯźǀǀƜţƕƺƳƾƯřŹƾŵźºƧƵŶƷŚƄºƯƱřƺţ
ŻřŶƴţŹŚŞƗƶƧÎƩƺƬſŚƷƽƺŤěƺěōŻƫƹřǀƶŚŝƶŤƀƷŚƷƽƮĩřźºŤƯ
ƵŶƃƶƘƐƣƶƘƐƣƹÏƩƺƬſŚƷƽōƺŤěƺěŻųŚţǀźƽƶŤƀƷŚŝŚƷƽ
ŹƺƬƟżƯźƣƮĩřźŤƯŗƶºƘƐƣƹŢƴſƺƵŶºƃƶºƘƐƣÐƩƺƬºſŚºƷƽ
ţƹźĪƳǀĨŚŝŚưŤƯŵŹŻĬƳŹƿƹżƯźƣƶŝƪºƿƱƹŶºŝƹŢºſŵĨ
ƶŤƀƷƱŶƃƶƘƐƣƶƘƐƣĮưƷƶĩƾŻřƩƺƬſŚƷƽĬºƳŹŚºŝƮƫŚſ
ƪŝŚƣĬƳŹźěżŞſŴƄţǀƆƯƾŶƴƃŚŝŚƸƳŹŵƿŢƩƺƬſŵřŶƘţŚƷƽ
ŻƺŤěƺěōŵźĭƁŹŚưƃƦǀţƹźƨƳƹƶƿƺƳŚŧŻƺŤěƺěōƹƶǀƫƹřƿŶ
ƶººųźģƽƫƺƬººſƾřźººŝƽĬººƳŹƯōººǀżƽƩƺƬººſŢººƸūŚººƷ
ŚſƺƬƟƿźŤƯƺŤƽƩƺƬŰƯƹŚºůƽºƿƯĨǀºƬƾºěŵĬºƳŹƭźºĭƾŹŵ 
ÒÍſƾſƾPBSƸţǀŶƃƶŵřŶƘţÎÍÒÒŻřƶƳŚųźƷŹŵƩƺƬſ
ƬěǀƶƳŚųƂƃŢřƽŶƃƵŵřŵŢƄĩžĜſƶºƯŚƳźŝƢŞƏƩƺƬſƽ
ţǀŹŚưƶĩǈŞƣŶƃźĩŷţǀŹŚưŵźĭƿŶžěƵŹƹŵƭŚºưţřƽţǀŹŚºư
ƩƺƬſŚŝŚƷPBSƃƀƹƺƄŤƎſƺţÐſƾſƾƪĪƫřÔÍŶºƇŹŵ
ŞŨţǀŶƃŢŶƳƶŝƹšŶƯƿŹŵŢƗŚſĨƿºūŹŵŹŚºƸģƩŚĤŴƶƽ
ƾŤƳŚººſŵřźººĭŵźĭƶººŝƺĪƳřººƿŶžĜººſÔººſƾººſƾPBSƶººŝ
ƀƳŚĜſƺſǀƫƺƬſƱƺƾƶºŝƹƶƟŚƋřšŶºƯÎÍƣŵǀŢƗźºſŚºŝƶºƤ 
rpmÎÔÍÍƣŵźŝŹƹŵǀƶƤźŤƳŚſƿƹĥƺƠƿſĨƾºſƾƩƺºƬŰƯ
ººěŵƾ ',-Diamidino--Phenylindole (DAPI)śƺººſŹƶººŝ
ſƿŵźĭƶƟŚƋřƾƫƺƬŶƃƵŵŻƮƷƹŶŢƃŸĭŻřžěÒƶºƤǀƣŵƽ
ƪůřźƯƶºųźģƞºƬŤŴƯƽƫƺƬºſƾŚºſƺƬƟƵŚĮŤºſŵŚºŝƿźŤƯƺŤƽ
ſŹźŝƾŶƃ
ƵŵřŵƪǀƬŰţƶƿżŬţŚƷƵŵřŵŚºƷƽƶºƘƫŚƐƯƱƺºƯŻōŻřƵŵŚƠŤºſřŚºŝ
ŹŚƯōƽANOVAżŬţŵŹƺƯƿƬŰţƹƶǀŢºƟźĭŹřźºƣƪŢºƸū
ſŹźŝƾŝƝǈŤųřǀƵƹźĭƲŚƷƽƤƘţƱƺºƯŻōŻřƶƘƫŚƐƯŵŹƺƯǀºŞƾ
ĩƺţƾTukeyŶºƃ ƵŵŚƠŤºſřºƴƘƯŮƐºſƾŹřŵƽÍÒÍP<ƹ
ÍÍÎÍP<ŶººƃƶººŤƟźĭźººƔƳŹŵ.ŵŚººƤƯƭŚººưţƿººŝźƶšŹƺººƇ 
ƲǀĮƳŚǀƯtƝřźŰƳřŹŚǀƘƯƱŚƄƳƵŵřŵƵŶƃŢſř

ƿƶŤƟŚŚƷ
     ǀƘţºƫŚƘƟƲǀºŤƯŢǀºǀƫƺŝŚºƾƨŝŚƐƯºūƢºƩƹŶÎƿŻŹřºŝŚƾ
ţǈěžǀſİƳŚƯŹŵšřźŧřƹƲǀÒƵŵŹƽƹŹźŝƪǀſřŹƹřƹŹƺƬƟƾƫƺƬſƽŚƷ 
ƶƬŬƯƹŵƱŚºŬƳŻƾƳŚƯŹŵƾŤƃřŶƸŝšŚƯŶųƹƾĪƃżěƭƺƬƗƵŚĮƄƳřŵƾƄƷƹĦěƾưƬƗƽƵŹƽÏÐƵŹŚưƃƽÖÔƹŵřŵźųźǀţÎÐÖÑ
˻˽
ICÒÍƁƹŹŚŝƘţǀǀƲƨǀƫƺŝŚŤƯŢǀƫŚƘƟƾƺƴǀţŹƶƧŵřŵƱŚƄƳŗƦºǀ 
řŶǀſſǀţǈěžǀƹƲÒºſřŹƹřƹŹƺƬƟǀºƇŚųƪǀŹŚºƸƯŢƽźºŝ 
ŨĪţǀºźƬſºƫƺºƾƵŵŹƷºŚƽƬſºƫƺºƾAGSƹKYSE-ÐÍƶŤƃřŵ
ƹŹŚưǀţĩźţǀŞƾƴǀţŹŚºŝºƺŗºǀººǀſřƦººƗŚŝŶººƷŚƧŦºƪºŝŚƣƂ
ůǈƯƔºƶƽƬſºƩƺƷºŞƀƳŚºƶŝŢºƠŤſřºƵŵŚƽºƴţºŻřŚƸŚºƷƹŹřŵ
ŵźĭƿŶ 

ƩƹŶūÎźƿŵŚƤƯICÒÍƺƴǀţŹƿŶǀſřƦǀſǀžţǈěǀƲƹÒſřŹƹřƹŹƺƬƟǀƹƪƱōŜǀƧźţƹŹźŝŚƷƽƵŵŹŚƷƽƫƺƬſƾAGSƹ .KYSE-ÐÍ 
ƲǀĮƳŚǀƯŽŚſřźŝƵŶƃƵŵřŵƱŚƄƳźƿŵŚƤƯtƝřźŰƳřŹŚǀƘƯřźŝƽƯŹřźƨţŹŚŝƶſƾŶƃŚŝ
AGS KYSE-ÐÍ ƵƹźĭŚƷ
ÔÍtÓÑ ÕÍtÓÎÑ ţŹǀƺƴŗǀſřĨǀžƳřźţƭŚưţŶ
ÐÏÍtÕÒÐ ÑÏÍtÔÕÏ ſǀţǈěžǀƲ
ÐÒÍtÑÖÏ ÏÒÍtÎÓÏ ÒſřŹƹřƹŹƺƬƟǀƪ 
aÑÏÍtÐÒÎ aÏÎÍtÔÐÍ ţŹǀƺƴŗǀſřĨǀžƳřźţƭŚưţŶſǀţǈěžǀƲ 
bÎÓÍtÔÏÍ bÎÍtÕÍ ţŹǀƺƴŗǀſřĨǀžƳřźţƭŚưţŶÒſřŹƹřƹŹƺƬƟǀƪ 
:aƴƘƯƝǈŤųřƾſƵƹźĭŚŝŹřŵǀţǈěžǀƲÍÍÎÍP <:bƴƘƯƝǈŤųřƾŚŝŹřŵƵƹźĭÒſřŹƹřƹŹƺƬƟǀƪÍÒÍP <
 
ſŹźŝƾƫƺƬſīźƯƾŚƤƫřšřźŧřƿƾţŹŻƺºŤěƺěōǀƺƴƿºǀºſřĨǀŶ
ſǀţǈěžǀƹƲÒſřŹƹřƹŹƺƬƟǀţƹƪǀĩźţŹŚưǀŞƾƹŹźºŝŚƸƳōƽ
ƵŵŹƽƫƺƬſƾAGSţƶĩŵřŵƱŚƄƳǀĩźţŹŚưǀţŹŜǀƺƴŗǀſřĨǀŶ
řżƟřƶŝźŬƴƯŚƷƹŹřŵŚŝƿƩƺƬſŶƇŹŵƂŚƷƽƶºŝŢŞƀƳŻƺŤěƺěō
ŵŚƠŤſřŶƃŚƷƹŹřŵŻřŚƸƴţƵŹřŵƺưƳÎƩƺƬſŶƇŹŵŚƷƽAGS
ţŹŵŻƺŤěƺěōǀĩźţŹŚưǀºŞƾţŹǀƺƴŗºǀººſřĨǀŶŚºŝºſǀºţǈěžǀƲ
ţƶŝŢŞƀƳǀĩźţŹŚưǀºŞƾţŹǀƺƴŗºǀºſřĨǀŶŚºŝÒºſřŹƹřƹŹƺƬƟǀƪ
ŝǀźŤƄŵƺŝ

 
ŹřŵƺưƳÎƩƺƬſŶƇŹŵŚƷƽƵŵŹŻƺŤěƺěōƽƫƺƬſƾAGSŹŵƵƹźĭŚƷƽƶƘƫŚƐƯŢŰţƞƬŤŴƯ
 
 ƷŵƱŚƄƳŶƴƵƽƶǀƫƹřŻƺŤěƺěō ƵŶƴƷŵƱŚƄƳƽƶƿƺƳŚŧŻƺŤěƺěō
 ƴƘƯƝǈŤųřƾƵƹźĭŚŝŹřŵÒſřŹƹřƹŹƺƬƟǀƪÍÍÎÍP <ƴƘƯƝǈŤųřƾſƵƹźĭŚŝŹřŵǀţǈěžǀƲÍÒÍP <ƴƘƯƝǈŤųřƾţŹƵƹźĭŚŝŹřŵǀƺƴŗǀſřĨǀŶÍÍÎÍP <
ƱřŹŚƨưƷƹİſŚŞƗĽřŶſř 
ƶƬŬƯŹŵƾŤƃřŶƸŝšŚƯŶųƹƾĪƃżěƭƺƬƗƵŚĮƄƳřŵƾƄƷƹĦěƾưƬƗƽƹŵƱŚºŬƳŻƾƳŚƯƵŹƽÏÐƵŹŚưƃƽÖÔƹŵřŵźųźǀţÎÐÖÑ
˻˾ 
ƪƨƃÎŧŚţǀŢƣŹźŚƷƽŴƯţŹƞƬŤǀƺƴŗǀſřĨǀŶſǀţǈěžǀƲƹÒƪǀſřŹƹřƹŹƺƬƟƹŹŚưǀţĩźţǀƱōŜƯōĬƳŹŚŝřŹŚƷǀżƽźĩōƿŶƿƲ 
ŪƳŹƹřŶţřƿŚƯƹźŝƭƺƿŶƫƺƬſƵŵŹźŝƾAGSÏÍÍ×ƺƴǀţŹŹŚưǀţŜǀƧźţŻřƵŵŚƠŤſřŗƹŶǀſřƦǀÒŶƇŹŵƂƿřżƟřŦƗŚŝƪǀſřŹƹřƹŹƺƬƟ
ƩƺƬſŚƷƽƶŝŢŞƀƳƶƿƺƳŚŧŻƺŤěƺěōƹƶǀƫƹřŻƺŤěƺěōŻřŚƸƴţƵŵŚƠŤſřÒſřŹƹřƹŹƺƬƟǀţŹƹƲǀţǈěžǀſƪǀƺƴŗǀſřĨǀŶƃŶ
L: Live, N: Necrosis, EA: Early Apoptosis, LA: Late Apoptosis 
 
ſŹźŝƾƫƺƬſƶųźģƾƽźŤƯƺŤƿŚſƺƬƟƶƬǀſƹƶŝ ţšřźŧřǀŚŝŹŚư
ţŹǀƺƴŗºǀºſřĨǀŶºſǀºţǈěžǀƲÒºſřŹƹřƹŹƺƬƟǀţƹƪǀŹŚºư
ĩźţǀŞƾƱōſƹƶŝŚƷǀƳōƶƬƫŚǀƶųźģżƽƫƺƬſƾŚºſƺƬƟŚŝƿźŤƯƺŤƽ
ŶºƃƭŚŬƳřƩƺƬºſŶºƇŹŵƪºůřźƯŹŵŚºƷGÎSƹGÏƶºųźģ
L 
  
µfÀ¯ eÌWÂÀÌY®Ì| 
eÌWÂÀÌY®Ì|	YÁYÁÂ¸§Ì¶ YÁYÁÂ¸§Ì¶ 
eÌWÂÀÌY®Ì|	ÌeÔaÌ¾ ÌeÔaÌ¾ 
EA 
LA 
N 
EA
ţǈěžǀſİƳŚƯŹŵšřźŧřƹƲǀÒƵŵŹƽƹŹźŝƪǀſřŹƹřƹŹƺƬƟƾƫƺƬſƽŚƷ 
ƶƬŬƯƹŵƱŚºŬƳŻƾƳŚƯŹŵƾŤƃřŶƸŝšŚƯŶųƹƾĪƃżěƭƺƬƗƵŚĮƄƳřŵƾƄƷƹĦěƾưƬƗƽƵŹƽÏÐƵŹŚưƃƽÖÔƹŵřŵźųźǀţÎÐÖÑ
˻˿
ƫƺƬºſƾŻřƵŵŚƠŤºſřŚºŝPartec Flow MaxŵźĭƶŞºſŚŰƯºƿŶ 
ŚƷŹřŵƺưƳƽƵƹźĭÎƹÏŚŤƳƿţŹƶºĩŵřŵƱŚƄƳŪǀƺƴŗºǀºſřĨǀŶ
ŚƸƴţƶŝƾƿƫƺƬºſƶųźģƞƣƺţŦƗŚŝƾŻŚºƟŹŵGÍ/GÎºſǀž
ţǈěǀƲŦƗŚŝƞƣƺţƩƺƬſŚƷŹŵƶƬůźƯGÏ/M ƹÒſřŹƹřƹŹƺƬƟǀƪ
ƩƺƬºſƞƣƺţŦƗŚŝƶºƬůźƯŹŵŚºƷGÎ/SŶºƃţǀĩźţŹŚºưǀºŞƾ
ţŹǀƺƴŗǀſřĨǀſŚŝŶǀţǈěžǀƲřżƟřŦƗŚŝƿƩƺƬſƞƣƺţƂŚºƷ 
GÏ/MƹţǀĩźţŹŚưǀŞƾţŹǀƺƴŗǀſřĨǀŚŝŶÒſřŹƹřƹŹƺƬƟǀƪŦƗŚŝ
řżƟřƿƩƺƬſƞƣƺţƂŹŵŚƷ GÎ/SŶƃƩƹŶūÏƪĪƃÎ 
 
ŶūƩƹÏźǀŧŚţƺƴǀţŹŹŚưǀţŗŶǀſřƦǀƲǀţǈěžǀſÒƪǀſřŹƹřƹŹƺƬƟƱōŜǀƧźţƹŚƷƹŹźŝƽƖƿŻƺţƽŶƇŹŵƫƺƬſƶųźģƾŹŵ
ƵŵŹŚƷƽƫƺƬſƾAGSƹKYSE-ÐÍƳƲǀĮƳŚǀƯŽŚſřźŝŪƿŚŤtƝřźŰƳřŹŚǀƘƯřźŝƽŢſřƵŶƃƵŵřŵƱŚƄƳŹřźƨţŹŚŝƶſ
ƫƺƬſƶųźģƶƬůźƯƾ 
GÏ/M S GÍ/GÎ
ƵƹźĭŚƷ 
ÑÏtÖÐÍ ÐÎtÎÎÕ ÔÐtÍÓÒÎ ƩźŤƴĩ
ÏtÑÐÍ ÔÎtÓÕÑ ÕÐtÕÓÑ ţŹǀƺƴŗǀſřĨǀžƳřźţƭŚưţŶ 
ÓÏtÕÑÕ ÏÏtÑÏÍ ÔÑtÓÐÍ ſǀţǈěžǀƲ 
ÐÒtÑÐÑ ÕÏtÎÖ ÒÏtÐÒÓ ÒſřŹƹřŹƹƺƬƟǀƪ 
 aÖÑtÓÓÑ ÔÐtÏÏÏ  a  ÐÎtÎÎÐ ţŹǀƺƴŗǀſřĨǀžƳřźţƭŚưţŶſǀţǈěžǀƲ 
ÎÏtÖÐÎ ÓÎtÒÑ  bÑÏÎtÒÓÐ ţŹǀƺƴŗǀſřĨǀžƳřźţƭŚưţŶÒſřŹƹřƹŹƺƬƟǀƪ
AGS 
ÓÑtÓÒÍ ÒÖÎtÒÓ ÎÐtÔÑÏ ƩźŤƴĩ 
ÐÐtÖÑÍ ÔÍtÎÏ ÐtÎÒÕ ţŹǀƺƴŗǀſřĨǀžƳřźţƭŚưţŶ 
ÏÒtÔÒÍ ÐÏtÏÔ ÕÏtÎÏÏ ſǀţǈěžǀƲ
ÖÐtÓÐÑ ÎÒÎtÓÎÔ ÎÐtÔÑÔ ÒſřŹƹřƹŹƺƬƟǀƪ 
 aÒtÖÓÒ ÓÏtÕÎÎ ÒÏtÔÏÏ ţŹǀƺƴŗǀſřĨǀžƳřźţƭŚưţŶſǀţǈěžǀƲ 
ÒÐtÓÏÕ ÐÎtÒÎÍ  bÔÏtÕÓÍ ţŹǀƺƴŗǀſřĨǀžƳřźţƭŚưţŶÒſřŹƹřƹŹƺƬƟǀƪ 
KYSE-ÐÍ
:a  ƴƘƯƝǈŤųřƾſƵƹźĭŚŝŹřŵǀţǈěžǀƲÍÍÎÍP <
:bƴƘƯƝǈŤųřƾƵƹźĭŚŝŹřŵÒſřŹƹřƹŹƺƬƟǀƪÍÍÎÍP <

ƱřŹŚƨưƷƹİſŚŞƗĽřŶſř 
ƶƬŬƯŹŵƾŤƃřŶƸŝšŚƯŶųƹƾĪƃżěƭƺƬƗƵŚĮƄƳřŵƾƄƷƹĦěƾưƬƗƽƹŵƱŚºŬƳŻƾƳŚƯƵŹƽÏÐƵŹŚưƃƽÖÔƹŵřŵźųźǀţÎÐÖÑ
˻̀ 
BA 

DC
 

FE

ŹřŵƺưƳƹźĭƵÎŚƷŹřŵƺưƳƽŻƺţƿƘưūƖǀŤƾƵŵŹƽƫƺƬſƾAGSƶųźģƞƬŤŴƯƪůřźƯŹŵƽƫƺƬſƾŚſƺƬƟŻřƵŵŚƠŤſřŚŝƿźŤƯƺŤƽ
ƩƺƬſŚƷƽƯōĬƳŹǀżƽěŵĬƳŹŚŝƵŶƃƾƘưūŶƇŹŵǀŢŚƷƽƫƺƬſƾŽŚſřźŝŻŮƐſƿƴŰƴƯźƾŵźĭƶŞſŚŰƯƿŢſřƵŶ
ƵŶƴƷŵƱŚƄƳżƯźƣŹřŵƺưƳƽƶƬůźƯƽSŝōŹřŵƺưƳƾƵŶƴƷŵƱŚƄƳƽƶƬůźƯƽGÎƵŶƴƷŵƱŚƄƳżŞſŹřŵƺưƳƹƽƶƬůźƯƽGÏƯƾŶƃŚŝ
ŹřŵƺưƳAƩźŤƴĩƵƹźĭBţƵƹźĭǀţŹŚŝŹŚưǀƺƴŗǀſřĨǀŶCţƵƹźĭǀſŚŝŹŚưǀţǈěžǀƲDţƵƹźĭǀĩźţŹŚưǀŞƾţŹǀƺƴŗǀſřĨǀŶŚŝ
ſǀţǈěžǀƲEţƵƹźĭǀŚŝŹŚưÒſřŹƹřƹŹƺƬƟǀƹƪFţƵƹźĭǀĩźţŹŚưǀŞƾţŹǀƺƴŗǀĨſřǀŶŚŝÒſřŹƹřƹŹƺƬƟǀƪ
ţǈěžǀſİƳŚƯŹŵšřźŧřƹƲǀÒƵŵŹƽƹŹźŝƪǀſřŹƹřƹŹƺƬƟƾƫƺƬſƽŚƷ 
ƶƬŬƯƹŵƱŚºŬƳŻƾƳŚƯŹŵƾŤƃřŶƸŝšŚƯŶųƹƾĪƃżěƭƺƬƗƵŚĮƄƳřŵƾƄƷƹĦěƾưƬƗƽƵŹƽÏÐƵŹŚưƃƽÖÔƹŵřŵźųźǀţÎÐÖÑ
˻́
BA 

DC
 

FE


ƵƹźĭŹřŵƺưƳÏŚƷŹřŵƺưƳƽŻƺţƿƘưūƖǀŤƾƵŵŹƽƫƺƬſƾKYSE-ÐÍƶųźģƞƬŤŴƯƪůřźƯŹŵƽƫƺƬſƾŚſƺƬƟŻřƵŵŚƠŤſřŚŝƿźŤƯƺŤƽ
ƩƺƬſŚƷƽƯōĬƳŹǀżƽěŵĬƳŹŚŝƵŶƃƾƘưūŶƇŹŵǀŢŚƷƽƫƺƬſƾŻŮƐſŽŚſřźŝƿƴŰƴƯźƾŵźĭƶŞſŚŰƯƿŶŢſřƵ
ƵŶƴƷŵƱŚƄƳżƯźƣŹřŵƺưƳƽƶƬůźƯƽSŝōŹřŵƺưƳƾƶƬůźƯƵŶƴƷŵƱŚƄƳƽGÎƵŶƴƷŵƱŚƄƳżŞſŹřŵƺưƳƹƽƶƬůźƯƽGÏƯƾŶƃŚŝ
ŹřŵƺưƳAƩźŤƴĩƵƹźĭBţƵƹźĭǀţŹŚŝŹŚưǀƺƴŗǀſřĨǀŶCţƵƹźĭǀſŚŝŹŚưǀţǈěžǀƲDţƵƹźĭǀĩźţŹŚưǀŞƾţŹǀƺƴŗǀſřĨǀŚŝŶ
ſǀţǈěžǀƲE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ĩźţǀŜÒſřŹƹřƹŹƺƬƟǀƪƹÎÐſǀţŹžǀƺƴƿǀºſřĨǀšřźºŧřŶ
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ŢſřƵŶƃÎÖƹÎÕ
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ſřǀſŶǀţǈěžǀƹƲÒſřŹƹřƹŹƺƬƟǀƯƪƺƿºƬŞƣšŚºƃŹřżĭŶƾ
ŢſřƿƶŤƟŚŚƷƽţŹŵŚƯǀźţŹŚưĩǀŞƾºƯƱŚƄƳƾƞºƣƺţƶºĩŶºƷŵ
ƩƺƬſƶųźģŹŵŚƷƽƫƺƬſƾƩƺƬºſƕƺƳƶŝŵŹƺºƯŹŵƪƣřŶºů
AGSƹKYSE-ÐÍĮŤƀŝƾƫƹŵŹřŶƳƾƹŹřŵƕƺºƳƶŝƶŤƀŝřƹ
ƯƾºŝŶºƃŚŝƶŹƺºƏƽŝƶºĩºǀźŤƄƿţŹŵƞºƣƺţƲǀĩźţŹŚºưǀºŞƾ
ţŹǀƺƴŗǀſřĨǀſŚŝŶǀţǈěžǀŻŚƟŹŵƲGÏ/MţŹŵƹƵŵƺŝǀŹŚºư
ĩźţǀŞƾţŹǀƺƴŗǀſřĨǀŚŝŶÒſřŹƹřƹŹƺƬƟǀŻŚƟŹŵƪGÎ/SŢºſř
ƯƾŤƳƱřƺţǀţƶĩŢƟźĭƶŬǀĩźţŹŚưǀŞƾƜţŜūƺƯǀǀƠƣƺºţŻŚƟźƾ
ưƳƾƩƺƬſŶƇŹŵŚƯřŵƺƃŚƷƽřżƟřřŹƵŶƃƞƣƺŤƯƿƯƂƾŶƷŵ 

ƶŬǀŤƳƽźǀĭ
ſŹźŝƾţƶºĩŵřŵƱŚƄƳŚƯǀĩźţŹŚºưǀºŞƾŢºƔƬƛŚºƷƽŻºƿź
ưºſǀţŹŢǀƺƴŗº ǀºſřĨǀŚºƷƹŹřŵŚº ŝŶƽºſǀº ţǈěžǀƹƲÒ
ƹřƹŹƺƬƟſřŹǀřżºƟřŜūƺƯƪƿưºſšřźºŧřƂǀŤƾřºƿƹŚºƷƹŹřŵƲ
ŽŚƀůƵŵŹƱŵźĩźţŚƷƽƫƺƬſƾźƯƱŚƏźſƽƶŝŢŞƀƳƵŶƘƯƹ
ƶųźģŹŚƸƯƹŻƺŤěƺěōƽƫƺƬſƾƯƾŵƺƃřźŝŚƴŝƿţƲǀĩźţŹŚưǀŞƾ
ţŹǀƺƴŗǀſřĨǀſŚŝŶǀţǈěžǀƹƲÒſřŹƹřƹŹƺƬƟǀƯƪƾƶŝŶƳřƺţ
ƱřƺƴƗěǀŵŚƸƴƄƱŚƏźſƱŚƯŹŵŹŵŚƷƽźƯƽƵŶƘƯƹƯŵƺƃŭźƐ
ƶĩŝšŚƘƫŚƐƯƶŤŞƫřǀřŹŵźŤƄƿƯŻƲǀŹƹźƋƶƴƽƶŝƯźƔƳƾŶſŹ 

ŶƤţƿźĪƄţƹź
ŚƿŚěŻřƶŤƟźĭźŝƶƫŚƤƯƲƿřƱƶƯŚƳƽƵŹƹŵƽŶƃŹřƾſŚƴƃŹŚƧ
ěƭƺºƬƗƵŚĮƄºƳřŵƾƄƷƹĦěƽřŹƺƃśƺƈƯżƶºŝƪºǀŝŵŹřƾƨºƃ
ƵŹŚưƃƽÍÒƾƯŶƃŚŝƾƯƭŻǇŵƺųźŝƱŚĭŶƴƀƿƺƳŻřƶºƧŶºƴƳřŵ
ºŤƧŵƽŚºƣōƸºƃźśŚƾƫƺºƬƸŝƽřźºŤƧŵƹŹřŵƽŻŚºſźƏŚºųƶºŝ
ŶƴƿŚưƳƾƳřŵŹŶƣƶƘƫŚƐƯƲƿřŹŵƽŹŚƨưƷƹšŶƗŚƀƯ
 

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Background and Objective: All-trans retinoic acid (ATRA), a derivative of vitamin A, exerts fundamental 
effects on regulation of cell growth, differentiation and apoptosis. Recent studies have shown an increase in 
resistance of gastric adenocarcinoma and squamous cell carcinoma to cisplatin and 5-fluorouracil. In this 
study, we investigated a combination treatment of ATRA with cisplatin and 5-fluorouracil on gastric (AGS) 
and esophageal (KYSE-30) cancer cell lines.  
Materials and Methods:  KYSE-30 and AGS cell lines were cultured in RPMT-1640, including sub-toxic 
concentration of ATRA (13.6 and 3.6µM respectively) for 6 days and then they were treated with cisplatin 
and 5-fluorouracil for 72h. The effects of combination treatment were tested by MTT assay, ethidium 
bromide/acridine orange (EB/AO) staining and flow cytometry.  
Results: Determination of IC50 (Inhibitory concentration of 50%) with MTT assay showed that combination 
treatment had cytotoxic effect on both cell lines. IC50 value of the combined drugs was lower than the IC50 
of drugs alone (p<0/05). The percentage of apoptotic cells increased in comparison to drugs alone in EB/AO 
staining (p<0/05). Furthermore, there was an indication that the combination of ATRA with cisplatin caused 
increased cell cycle arrest at G2/M in AGS and KYSE-30 cells. Also, ATRA and 5FU induced enhanced cell 
cycle arrest at G1/S phase in KYSE-30 and AGS cells (p<0/001). 
Conclusion:  Our findings demonstrate that sub-toxic concentration of combination treatment of ATRA with 
cisplatin and 5-fluorouracil induces further cytotoxic effects on KYSE-30 and AGS cancer cell lines. 
 
Keywords: All-trans-retinoic acid, Cisplatin, 5-Fluorouracil, KYSE-30cell line, AGS cell line 
